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Abstract

This report is an addendum to ”Computational study of TATB” (LA-UR-21-20031), explic-
itly giving results for future use and wrapping up some loose ends.
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Nomenclature

Hugoniot The collection of points in thermodynamic phase space describing the final states
achievable by a shock from a specific initial state. The principal Hugoniot is the
Hugoniot from the ambient state. Secondary Hugoniots can be obtained from pre-
shocked states.

Quantum Mechanics The most fundamental and precise theory of matter that we know
of. The theory of quantum particles, such as electrons and other elementary particles.

Quantum particle While the total energy of classical particles (composed of very many
elementary particles) can be distributed continuously, the total energy of quantum
particles is quantized. There are two types of quantum particles, fermions, such as
electrons, and bosons, such as the Helium-4 atoms. While all bosons in a collection of
bosons can have the same energy and form a Bose condensate, such as Helium-4 when
it is superfluid, fermions in a collection of fermions, such as in a metal, need to all have
di↵erent energies.

FD Fermi-Dirac statistics: The equilibrium distribution of energies in a collection of fermions
at a certain temperature. This distribution is determining many of the properties of
materials.

SE The Schrödinger Equation: The non-relativistic limit of the Dirac Equation, su�ciently
accurate to describe electrons in lighter materials.

DFT Density Functional Theory: The formally exact reformulation of the wave-function
based Shrödinger and Dirac Equations in terms of density and currents.12

KS The Kohn-Sham Equations: A calculational approach derived from the Dirac/SE using
DFT. These are the equations implemented in DFT codes.13

Functional A short name for an approximation for the Exchange-Correlation functional
which is the only part of DFT that needs to be approximated. The functional sets the
possible accuracy of DFT calculations.

LMTO Linear Mu�n Tin Orbital: A calculational method used in the RSPt code (see
below).

LAPW Linear Augmented Plane Wave: Another calculational method. It is considered the
implementation method that gives the most accurate DFT results. Other methods are
usually verified against this method.
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plane-wave code A code using plane waves as a basis set. This is the computationally most
e↵ective approach because Fourier Transforms can be used. Calculations can also be
systematically improved by increasing the number of basis functions used, usually spec-
ified by the so called “cut-o↵”. However, describing core electrons accurately requires
a very large cut-o↵, leading to expensive calculations. The plane-wave approach thus
is mostly used together with pseudo-potentials (see below).

all-electron code A code treating all electrons explicitly. LMTO and LAPW codes are
all-electron.

pseudo-potential code The chemically inert core electrons are treated in a collective way
via pseudo potentials, which increases the computational e�ciency considerably. A
number of di↵erent approaches exist; all are verified by comparing to all-electron,
usually LAPW, results.

PAW Projected Augmented Wave: The pseudo potential technique currently considered
the most accurate.5,17

VASP Vienna Ab-initio Simulation Package: A plane wave, pseudo potential (PAW), DFT
code.14–16

core electron An electron close to the nucleus. In an LMTO or LAPW treatment these
electrons are considered inert and their properties only depend on the closest nuclei.
In a pseudo-potential code the e↵ect of the core electrons on the valence electrons is
included via pseudo potentials.

valence electron The outermost electrons are valence electrons and their properties are
dependent on many nuclei. These electrons are forming bonds that hold a solid or
molecule together.
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Chapter 1

Introduction and Summary

This is an addendum to LA-UR-21-20031, ”Calculational study of TATB” presenting all
results in one compact publication.

Hugoniot points

We present results for 8 di↵erent volume principal Hugoniot points, including the stan-
dard temperature and pressure reference point. These points are calculated with the AM05
functional using the VASP code as described in Chapter 4 in LA-UR-21-20031, and using 3
di↵erent supercells, containing 96, 192, and 384 ions respectively. While AM05 cannot give
good values for lower pressure due to its inability to handle the weak van der Waals’ forces,
we expect the 6 higher pressure points (> 10 GPa) to be accurate. In Fig. 1.1 we show
that the temperature and pressure obtained for the three supercells at the same densities
are di↵ering minimally. Only the higher temperature points seems to di↵er and it is clear
(see the Hugoniot determination plots at the end of this report) that the largest supercell
gives the least scattering in data and thus gives the best fits. We should also note that 4
unit cells in a plane is not necessarily better than 2 unit cells stacked on top of each other.
If the main result of a compression is that the planes pucker, the stacked unit cells supercell
might be a better model of the system than the planar supercell.

We have performed a few non-standard calculations in order to make a preliminary
verification of the here presented calculations. They are included in the tables, one longer
than usual MD run in Table 3.5, and one (presumedly less accurate) calculation using velocity
scaling instead of the Nosé thermostat in Table 3.1. None of these non-standard results
deviate from our benchmark calculations in any significant way. In addition we note that the
velocity scaling calculations used the same computational resources as the Nosé thermostat
calculations, they were not faster.

Last we note that all the calculations we have made were started on the T = 0 K optimized
structures. While the ion positions, of course, were allowed to change in the MD run, the
symmetry of the supercell was not allowed to change. The influence of this constraint will
be the topic of future studies.
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Figure 1.1: Pressure and temperature calculated with the AM05 functional using 3 di↵erent
super cell sizes for each density: blue: 2 unit cells stacked vertically (1x1x2), red: 4 unit
cells in a plane (2x2x1) and black: 8 unit cells (2x2x2). We expect the (black) points above
10 GPa to be accurate.
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Thermostat

In publication LA-UR-21-20031, ”Calculational study of TATB”, Chapter 4, we discussed
the value of SMASS and the periodicity of the temperature fluctuations. We ran a set of
MD steps using SMASS = 37.24. The results showed a clear periodicity in all properties of
a little less than 2000 time steps (of 0.2fs), just as expected. However, since the oscillations
were purely a result of the thermostat setting, there is no evidence that the system itself
responded to these ”natural” oscillations. We decided to not pursue this line of investigation
further.
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Chapter 2

Results: Static T = 0 K.

In this chapter we present results in table form corresponding to figures and discussions
in Chapter 5 in LA-UR-21-20031.

Structure at T = 0 Kelvin

We here refer to the notation given in Figure 2.1. in LA-UR-21-20031.

Table 2.1: Structure and pressure (from VASP) for TATB according to LDA.

Density Unitcell a b c ↵ � � Pressure
Volume

g/cm3 Å3 Å Å Å � � � kB
3.63023 236.166 8.03230 8.04052 4.87731 115.083 91.1415 119.956 743.01
3.49903 245.021 8.09849 8.10842 4.96368 114.851 91.1720 119.952 617.07
3.37407 254.095 8.16285 8.17441 5.05173 114.597 91.2212 119.949 509.04
3.25500 263.390 8.22542 8.23848 5.14147 114.318 91.2882 119.945 416.64
3.14146 272.910 8.28617 8.30056 5.23302 114.020 91.3641 119.943 338.02
3.03315 282.655 8.34531 8.36082 5.32595 113.687 91.4683 119.942 271.31
2.92975 292.631 8.40252 8.41910 5.42063 113.331 91.5804 119.943 215.18
2.83101 302.838 8.45820 8.47574 5.51672 112.952 91.6999 119.945 167.93
2.73665 313.280 8.51210 8.53059 5.61484 112.563 91.8175 119.947 128.73
2.64644 323.959 8.56357 8.58276 5.71495 112.139 91.9395 119.952 96.43
2.56015 334.878 8.61434 8.63407 5.81568 111.700 92.0590 119.957 69.90
2.47757 346.039 8.66241 8.68224 5.91630 111.188 92.1696 119.965 48.45
2.39850 357.446 8.70927 8.72910 6.01691 110.648 92.2597 119.973 31.40
2.32277 369.101 8.75472 8.77424 6.11831 110.097 92.3068 119.981 17.86
2.25018 381.007 8.79614 8.81476 6.21197 109.351 92.2533 119.992 7.58
2.18060 393.166 8.83504 8.85264 6.29995 108.454 92.1186 120.004 -0.16
2.11385 405.581 8.87013 8.88635 6.36287 106.997 91.8266 120.018 -5.59
2.04980 418.254 8.90221 8.91756 6.41572 105.180 91.3297 120.029 -9.35
1.98831 431.189 8.93144 8.94545 6.52822 104.308 91.0701 120.035 -12.39
1.92925 444.388 8.96038 8.97408 6.66799 103.922 91.0194 120.040 -14.50
1.87251 457.853 8.98080 8.99430 6.80720 103.317 90.7206 120.036 -15.56
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Table 2.2: Structure and pressure (from VASP) for TATB according to PBE.

Density Unitcell a b c ↵ � � Pressure
Volume

g/cm3 Å3 Å Å Å � � � kB
3.63023 236.166 8.03723 8.04799 4.87119 115.137 91.0864 119.957 896.66
3.49903 245.021 8.10427 8.11679 4.95709 114.921 91.1128 119.952 761.86
3.37407 254.095 8.16965 8.18380 5.04465 114.686 91.1543 119.947 645.26
3.25500 263.390 8.23345 8.24906 5.13391 114.435 91.2078 119.943 544.60
3.14146 272.910 8.29570 8.31258 5.22491 114.166 91.2785 119.938 457.95
3.03315 282.655 8.35643 8.37440 5.31767 113.880 91.3599 119.936 383.62
2.92975 292.631 8.41542 8.43430 5.41246 113.579 91.4499 119.935 319.97
2.83101 302.838 8.47324 8.49293 5.50879 113.265 91.5500 119.935 265.65
2.73665 313.280 8.52924 8.54958 5.60744 112.944 91.6465 119.937 219.61
2.64644 323.959 8.58408 8.60502 5.70754 112.597 91.7714 119.940 180.49
2.56015 334.878 8.63765 8.65907 5.80973 112.262 91.8687 119.944 147.54
2.47757 346.039 8.68891 8.71071 5.91502 111.934 91.9413 119.949 119.97
2.39850 357.446 8.73967 8.76155 6.02072 111.561 92.0601 119.956 96.89
2.32277 369.101 8.78875 8.81025 6.12877 111.185 92.1598 119.963 77.75
2.25018 381.007 8.83608 8.85740 6.23986 110.834 92.2209 119.971 61.87
2.18060 393.166 8.88313 8.90417 6.34742 110.410 92.2804 119.979 48.82
2.11385 405.581 8.92731 8.94811 6.45578 109.932 92.3210 119.988 38.10
2.04980 418.254 8.97015 8.99017 6.56927 109.515 92.3154 119.997 29.47
1.98831 431.189 9.01192 9.03049 6.67563 108.963 92.2566 120.008 22.52
1.92925 444.388 9.05122 9.06762 6.77030 108.170 92.1056 120.022 17.03
1.87251 457.853 9.08897 9.10577 6.90079 107.882 92.1114 120.024 12.36
1.81798 471.588 9.12642 9.14308 7.02955 107.496 92.1597 120.032 8.64
1.76554 485.594 9.16138 9.17758 7.16272 107.118 92.1746 120.039 5.74
1.71510 499.876 9.19156 9.20617 7.29283 106.499 92.1972 120.055 3.48
1.66656 514.434 9.22323 9.23731 7.43218 106.112 92.1838 120.060 1.71
1.61984 529.273 9.24526 9.25748 7.57051 105.385 92.1335 120.072 0.39
1.57484 544.394 9.26724 9.27823 7.70687 104.607 92.0393 120.082 -0.62
1.53150 559.801 9.29039 9.30061 7.86491 104.213 92.0062 120.087 -1.38
1.48974 575.495 9.30845 9.31754 8.02457 103.661 91.9334 120.090 -1.92
1.44948 591.480 9.32358 9.33166 8.19058 103.092 91.8479 120.093 -2.25
1.41065 607.758 9.33419 9.34151 8.36945 102.564 91.7693 120.095 -2.46
1.37320 624.333 9.34040 9.34691 8.55813 102.013 91.6838 120.095 -2.56

Table 2.3: Structure and pressure (from VASP) for TATB according to AM05.

Density Unitcell a b c ↵ � � Pressure
Volume

g/cm3 Å3 Å Å Å � � � kB
5.16882 165.867 7.36679 7.35475 4.16422 116.163 91.9137 119.954 3283.40
4.95930 172.874 7.44674 7.43886 4.23816 116.180 91.6635 119.967 2839.29
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Table 2.3: Structure and pressure (from VASP) for TATB according to AM05.

Density Unitcell a b c ↵ � � Pressure
Volume

g/cm3 Å3 Å Å Å � � � kB
4.76095 180.077 7.52622 7.52058 4.31269 116.147 91.4792 119.971 2449.36
4.57304 187.476 7.60422 7.60091 4.38793 116.076 91.3365 119.971 2108.17
4.39489 195.076 7.68077 7.67956 4.46466 115.975 91.2353 119.971 1810.15
4.22588 202.878 7.75568 7.75673 4.54271 115.850 91.1616 119.969 1550.39
4.06542 210.885 7.82900 7.83214 4.62222 115.700 91.1165 119.967 1324.20
3.91298 219.100 7.90048 7.90568 4.70340 115.529 91.0913 119.963 1127.89
3.76807 227.526 7.97028 7.97743 4.78614 115.339 91.0844 119.959 957.71
3.63023 236.166 8.03830 8.04728 4.87058 115.130 91.0928 119.955 810.58
3.49903 245.021 8.10454 8.11532 4.95676 114.903 91.1163 119.951 683.67
3.37407 254.095 8.16901 8.18145 5.04468 114.657 91.1550 119.946 574.53
3.25500 263.390 8.23184 8.24577 5.13428 114.393 91.2063 119.942 480.89
3.14146 272.910 8.29289 8.30815 5.22572 114.109 91.2716 119.938 400.83
3.03315 282.655 8.35252 8.36888 5.31875 113.805 91.3513 119.936 332.64
2.92975 292.631 8.41037 8.42773 5.41369 113.484 91.4396 119.935 274.72
2.83101 302.838 8.46667 8.48487 5.51047 113.150 91.5294 119.936 225.81
2.73665 313.280 8.52155 8.54047 5.60894 112.801 91.6244 119.938 184.60
2.64644 323.959 8.57490 8.59440 5.70947 112.451 91.7084 119.941 150.08
2.56015 334.878 8.62677 8.64662 5.81181 112.086 91.7934 119.947 121.40
2.47757 346.039 8.67713 8.69713 5.91504 111.684 91.8915 119.952 97.65
2.39850 357.446 8.72577 8.74608 6.02170 111.315 91.9520 119.958 78.10
2.32277 369.101 8.77351 8.79341 6.12960 110.932 92.0026 119.964 62.10
2.25018 381.007 8.81915 8.83868 6.23758 110.511 92.0216 119.972 49.21
2.18060 393.166 8.86233 8.88202 6.34092 109.976 91.9922 119.982 38.63
2.11385 405.581 8.90555 8.92476 6.44830 109.477 91.9822 119.990 30.21
2.04980 418.254 8.94641 8.96397 6.54842 108.768 91.9472 120.005 23.55
1.98831 431.189 8.98482 9.00094 6.63805 107.803 91.8740 120.019 18.32
1.92925 444.388 9.01836 9.03219 6.64639 105.105 91.5203 120.046 14.78
1.87251 457.853 9.05510 9.06931 6.78110 104.865 91.5212 120.046 11.07
1.81798 471.588 9.09052 9.10470 6.91732 104.590 91.5012 120.050 8.26
1.76554 485.594 9.12140 9.13508 7.05749 104.226 91.4545 120.056 6.04
1.71510 499.876 9.15066 9.16393 7.20115 103.853 91.4053 120.062 4.33
1.66656 514.434 9.17987 9.19276 7.34630 103.481 91.3499 120.067 3.03
1.61984 529.273 9.19957 9.21141 7.49890 102.914 91.2177 120.075 2.00
1.57484 544.394 9.22089 9.23212 7.65783 102.480 91.1443 120.079 1.23
1.53150 559.801 9.24211 9.25280 7.82280 102.121 91.0964 120.083 0.64
1.48974 575.495 9.25731 9.26714 7.99429 101.640 90.9996 120.087 0.21
1.44948 591.480 9.27377 9.28292 8.17023 101.243 90.9359 120.089 -0.16
1.41065 607.758 9.29097 9.29968 8.35058 100.917 90.8952 120.092 -0.45
1.37320 624.333 9.30339 9.31132 8.53927 100.528 90.8350 120.092 -0.73
1.33707 641.206 9.31381 9.32109 8.73650 100.179 90.7919 120.094 -0.82

15



Table 2.3: Structure and pressure (from VASP) for TATB according to AM05.

Density Unitcell a b c ↵ � � Pressure
Volume

g/cm3 Å3 Å Å Å � � � kB
1.30219 658.380 9.32521 9.33187 8.93509 99.8419 90.7481 120.093 -0.97
1.26851 675.858 9.33459 9.34073 9.14167 99.5302 90.7142 120.092 -1.06
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Chapter 3

Results: Hugoniot points.

By performing 3-4 MD calculations per volume, at a few di↵erent temperatures, we were
able to find the temperature, by interpolation, where the pressure and energy fulfills the
jump conditions:

EH � E0 = �1

2
(PH + P0)(V � V0) . (3.1)

I accordance with the discussion in Reference [23] we use the experimental equilibrium
volume for V0, set the temperature to 293 K, and obtain the values for E0 and P0 from an
MD calculation. The reference point values are given first in each table. Note that E0 is the
internal energy and not the free energy. In the VASP OUTCAR file the internal energy is
presented as ‘energy without entropy’.

For each super cell size we give the data evaluated from statistics (averaging) over the
MD runs in table form. We present plots for the determination of the point where the
Hugoniot jump conditions are valid and give the corresponding Hugoniot data in table form.
For clarity we have gathered all plots for the same density together to allow for an easier
comparison over super cells.

Two unit cells vertically (1x1x2)

Table 3.1: Calculated data for 2 unitcell TATB. The values in parenthesis is from a run
using velocity scaling instead of the Nosé thermostat.

Density Unitcell Temperature Pressure Total Helmholtz Total Internal
Volume free energy energy

g/cm3 Å3 K kB eV eV
1.92925 444.388 292.118 17.8091 -654.415 -654.413
2.25018 381.007 299.164 54.5478 -651.952 -651.952
2.25018 381.007 498.839 63.0623 -649.197 -649.183
2.25018 381.007 698.524 64.5815 -646.715 -646.707
2.47756 346.039 299.309 104.647 -648.749 -648.749
2.47756 346.039 498.709 108.768 -646.234 -646.234
2.47756 346.039 698.289 114.243 -643.701 -643.701
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Table 3.1: Calculated data for 2 unitcell TATB. The values in parenthesis is from a run
using velocity scaling instead of the Nosé thermostat.

Density Unitcell Temperature Pressure Total Helmholtz Total Internal
Volume free energy energy

g/cm3 Å3 K kB eV eV
2.73664 313.280 698.257 203.755 -637.978 -637.978
2.73664 313.280 897.817 208.640 -635.413 -635.414
2.73664 313.280 1097.60 217.666 -632.794 -632.790
3.03315 282.655 1795.83 392.739 -613.541 -613.369
3.03315 282.655 1910.88 396.240 -611.769 -611.505
3.03315 282.655 1995.09 397.412 -610.723 -610.412
3.03315 282.655 2194.95 411.657 -603.431 -602.502
3.37408 254.095 3493.14 714.827 -577.448 -574.710
3.37408 254.095 4092.58 758.581 -566.333 -562.064
3.37408 254.095 4392.16 797.167 -558.145 -552.548
3.37408 254.095 4543.83 806.909 -553.150 -546.789
3.37408 254.095 4691.72 817.487 -552.043 -545.364
3.76809 227.525 5997.41 1307.29 -500.101 -487.320
3.76809 227.525 7196.88 1407.71 -480.396 -459.630
3.76809 227.525 7996.49 1462.35 -472.480 -445.786
3.91299 219.100 8996.66 1729.78 -449.959 -415.095
3.91299 219.100 9995.23 1813.33 -444.669 -400.909
3.91299 219.100 11195.3 1906.96 -440.907 -385.326
(3.91299 219.100 11200.0 1901.82 -440.785 -384.750 )
3.91299 219.100 11994.6 1971.76 -437.033 -371.533

Table 3.2: Calculated Hugoniot points for 2 unit TATB.

Density Unitcell Temperature Pressure Total Internal
Volume energy

g/cm3 Å3 K kB eV
1.92925 444.388 292.118 17.8091 -654.413
2.25018 381.007 332.039 56.4307 -651.476
2.47756 346.039 462.209 107.913 -646.696
2.73664 313.280 852.372 207.165 -636.003
3.03315 282.655 1842.37 393.589 -612.884
3.37408 254.095 4054.03 760.183 -562.009
3.76809 227.525 7011.67 1393.65 -463.363
3.91299 219.100 11399.5 1924.49 -381.297
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Four unit cells in a plane (2x2x1)

Table 3.3: Calculated data for 4 unitcell TATB.

Density Unitcell Temperature Pressure Total Helmholtz Total Internal
Volume free energy energy

g/cm3 Å3 K kB eV eV
1.92925 444.388 292.188 17.6518 -1308.86 -1308.86
2.25018 381.008 299.152 54.7153 -1303.90 1303.90
2.25018 381.008 498.808 59.7734 -1298.90 -1298.90
2.25018 381.008 698.387 66.1822 -1293.84 -1293.84
2.47756 346.040 299.407 105.484 -1297.50 -1297.50
2.47756 346.040 498.808 111.328 -1292.47 -1292.47
2.47756 346.040 698.418 116.113 -1287.45 -1287.45
2.73664 313.280 698.266 204.287 -1276.02 -1276.02
2.73664 313.280 897.829 211.194 -1270.77 -1270.76
2.73664 313.280 1097.56 218.732 -1265.70 -1265.69
3.03315 282.655 1796.14 394.238 -1227.18 -1226.80
3.03315 282.655 1910.68 396.891 -1223.78 -1223.26
3.03315 282.655 1995.64 399.317 -1221.20 -1220.52
3.03315 282.655 2195.19 406.765 -1214.64 -1213.51
3.37408 254.095 3493.60 721.803 -1154.05 -1152.30
3.37408 254.095 4092.41 772.860 -1126.44 -1118.07
3.37408 254.095 4392.71 801.150 -1114.88 -1104.09
3.37408 254.095 4544.20 814.902 -1104.88 -1093.66
3.37408 254.095 4691.60 815.420 -1101.54 -1089.21
3.76805 227.528 5997.70 1308.24 -1003.16 -978.011
3.76805 227.528 7197.75 1407.96 -963.106 -921.910
3.76805 227.528 7997.71 1470.57 -942.744 -889.202
3.91299 219.100 8996.85 1727.17 -908.695 -840.683
3.91299 219.100 9996.15 1810.46 -888.999 -801.922
3.91299 219.100 11196.6 1903.58 -882.599 -770.734
3.91299 219.100 11994.7 1970.90 -878.084 -749.631
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Table 3.4: Calculated Hugoniot points for 4 unit TATB.

Density Unitcell Temperature Pressure Total Internal
Volume energy

g/cm3 Å3 K kB eV
1.92925 444.388 292.188 17.6518 -1308.86
2.25018 381.008 332.243 56.4600 -1303.08
2.47756 346.040 473.418 110.643 -1293.11
2.73664 313.280 865.604 210.036 -1271.60
3.03315 282.655 1838.36 395.123 -1225.52
3.37408 254.095 4033.41 771.415 -1121.42
3.76805 227.528 7150.22 1404.14 -923.972
3.91299 219.100 ⇠ 11920 ⇠ 1964 ⇠ -752
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Eight unit cells (2x2x2)

Table 3.5: Calculated data for 8 unitcell TATB. The values in parenthesis are calculated
from averaging over only half of the 20000+ MD steps in the special run above them in the
table, giving approximate error bars due to finite sampling in our ordinary runs which uses
10000+ MD steps.

Density Unitcell Temperature Pressure Total Helmholtz Total Internal
Volume free energy energy

g/cm3 Å3 K kB eV eV
1.92925 444.388 292.388 19.4122 -2617.78 -2617.78
2.25018 381.008 299.254 55.8304 -2607.84 -2607.84
2.25018 381.008 343.112 55.8349 -2605.63 -2605.63
2.25018 381.008 498.810 60.1126 -2597.85 -2597.85
2.25018 381.008 698.456 65.6188 -2587.68 -2587.68
2.47757 346.039 299.322 105.937 -2595.04 -2595.04
2.47757 346.039 498.854 110.420 -2585.00 -2585.00
2.47757 346.039 698.350 116.469 -2574.85 -2574.85
2.73664 313.280 698.588 207.165 -2551.92 -2551.91
2.73664 313.280 898.021 212.886 -2541.77 -2541.77
2.73664 313.280 1097.51 218.379 -2531.31 -2531.30
3.03315 282.655 1795.85 397.652 -2454.20 -2453.46
3.03315 282.655 1910.85 400.179 -2447.91 -2446.87
3.03315 282.655 1995.52 403.087 -2442.74 -2441.43
3.03315 282.655 2195.18 408.343 -2427.91 -2425.57
3.37408 254.095 3493.32 705.905 -2315.15 -2304.15
3.37408 254.095 4092.75 770.560 -2264.80 -2247.34
3.37408 254.095 4392.45 795.514 -2236.20 -2214.24
3.37408 254.095 4543.69 796.064 -2219.30 -2194.49
3.37408 254.095 4691.65 817.646 -2212.51 -2185.87
3.76807 227.526 5997.96 1312.21 -2000.33 -1949.28
3.76807 227.526 7196.88 1399.96 -1929.30 -1846.64
3.76807 227.526 7996.85 1470.03 -1889.35 -1782.54
( 3.76807 227.526 7996.86 1466.83 -1890.88 -1783.99 )
3.91299 219.100 8996.92 1733.81 -1808.51 -1671.30
3.91299 219.100 9995.35 1811.87 -1782.43 -1608.09
3.91299 219.100 11195.8 1900.63 -1768.40 -1545.15
3.91299 219.100 11995.7 1960.44 -1759.06 -1499.60
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Table 3.6: Calculated Hugoniot points for 8 unit TATB.

Density Unitcell Temperature Pressure Total Internal
Volume energy

g/cm3 Å3 K kB eV
1.92925 444.388 292.388 19.4122 -2617.78
2.25018 381.008 339.993 56.2779 -2605.80
2.47757 346.039 478.455 109.890 -2586.03
2.73664 313.280 898.645 212.904 -2541.74
3.03315 282.655 1885.42 399.861 -2448.49
3.37408 254.095 4126.38 771.778 -2241.90
3.76807 227.526 7127.49 1394.32 -1852.37
3.91299 219.100 11646.8 1934.65 -1518.71
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Determining Hugoniot points
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Figure 3.1: Determination of Hugoniot points from the jump conditions for density 2.25
g/cm3, using 1x1x2 (top), 2x2x1 (middle), and 2x2x2 (bottom) super cells.
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Figure 3.2: Determination of Hugoniot points from the jump conditions for density 2.48
g/cm3, using 1x1x2 (top), 2x2x1 (middle), and 2x2x2 (bottom) super cells.
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Figure 3.3: Determination of Hugoniot points from the jump conditions for density 2.74
g/cm3, using 1x1x2 (top), 2x2x1 (middle), and 2x2x2 (bottom) super cells.
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Figure 3.4: Determination of Hugoniot points from the jump conditions for density 3.03
g/cm3, using 1x1x2 (top), 2x2x1 (middle), and 2x2x2 (bottom) super cells.
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Figure 3.5: Determination of Hugoniot points from the jump conditions for density 3.37
g/cm3, using 1x1x2 (top), 2x2x1 (middle), and 2x2x2 (bottom) super cells.
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Figure 3.6: Determination of Hugoniot points from the jump conditions for density 3.77
g/cm3, using 1x1x2 (top), 2x2x1 (middle), and 2x2x2 (bottom) super cells. The bottom plot
shows two extra points (gray) for 8000 Kelvin where only the first half of the 20000+ MD
steps are averaged over, giving accuracy of ordinary points calculated from 10000+ steps.
Note the similar shift downwards for the energy and pressure based points.
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Figure 3.7: Determination of Hugoniot points from the jump conditions for density 3.91
g/cm3, using 1x1x2 (top), 2x2x1 (middle), and 2x2x2 (bottom) super cells. In the middle
plot we used linear fit to three points to get our estimate and the origin is set at the 2 unit
cell (top) Hugoniot point. Di↵erent fits yields values between this fit and the 12000 K point.
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Comparisons

Finally we compare our 8 unit cells calculations with other published results. Figure 3.8
shows the final data and replaces Fig. 6.2. and 6.3. in LA-UR-21-20031. Our data shows
a sti↵er Hugoniot than what is given by the Aslam EOS and the extrapolated fit to the
recent experimental data from Ref. 20. However, in the interpolating region of the fit the 3
di↵erent Hugoniot curves represents the experimental data equally well. We should note that
one benefit from using DFT for calculating Hugoniot curves is that we get temperatures.
Interestingly, in our case the temperatures obtained with VASP do NOT correspond well to
the temperatures these points would give using the Aslam EOS. How this would influence
real hydro code results cannot be assessed until a new EOS based on our data have been
constructed, and is left for future projects.

292 K340 K478 K
899 K

1885 K

4126 K

7127 K

11647 K

Hugoniot data from Marsh handbook, ρ0=1.876 g/cm3

Our Hugoniot data, ρ0=1.929 g/cm3, temperatures in yellow boxes.

Marshall data from J. Appl. Phys. 127, 185901 (2020), ρ0=1.936 g/cm3

Marshall data fit

Hugoniot from Aslam EOS
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Figure 3.8: Our 8 unit cell Hugoniot data (red) compared to experimental data and fit from
Ref. [20] (blue) and a theoretical PBX 9502 EOS derived in Ref. [4] (black).
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